Aims. We determined the atmospheric parameters and abundance pattern for a sample of metal-rich barium stars. Methods. We used high-resolution optical spectroscopy. Atmospheric parameters and abundances were determined using the local thermodynamic equilibrium atmosphere models of Kurucz and the spectral analysis code MOOG. Results. We show that the stars have enhancement factors, [s/Fe], from 0.25 to 1.16. Their abundance pattern of the Na, Al, α-elements, and iron group elements as well as their kinematical properties are similar to the characteristics of the other metal-rich and super metal-rich stars already analyzed. We conclude that metal-rich barium stars do not belong to the bulge population. We also show that metal-rich barium stars are useful targets for probing the s-process enrichment in high-metallicity environments.
Introduction
Barium stars are chemically peculiar giant stars displaying both anomalously high heavy-element (Z > 30) abundances and an overabundance of carbon compared to the Sun, with [C/Fe] varying from +0.4 to +1.2 (Antipova et al., 2004; Allen & Barbuy, 2006; Drake & Pereira, 2008; Pereira & Drake, 2009 ). In the mass-transfer hypothesis, the observed chemical peculiarities of these stars are a consequence of mass transfer through stellar winds or through Roche-lobe overflow in a binary system from an AGB star (now the white dwarf) to a less evolved companion, a barium giant or a subgiant CH star. Therefore, the study of their chemical peculiarities is important for understanding the physics of accretion phenomena in chemically peculiar binary systems.
Barium giants are the largest known sample among the chemically peculiar stars where the effects of the s-process nucleosynthesis can be widely investigated and measured. Busso et al. (2001) use the [hs/ls] 1 index as a function of metallicity as a criterion to probe whether the current models of sprocess nucleosynthesis in AGB stars account for the observed abundance distributions.
Barium stars are found in the disk and in the halo of the Galaxy according to Gomez et al. (1997) and Mennessier et al. (1997) . These two studies show that barium stars are an inhoSend offprint requests to: C.B. Pereira ⋆ Based on observations made with the 1.52m and 2.2m telescope at the European Southern Observatory (La Silla, Chile). ⋆⋆ Tables 2 and 4 are only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/.
1 [hs/ls]= log (hs/ls) ⋆ − log (hs/ls) ⊙ where [hs] and [ls] are the mean abundances of the s-elements at the Ba and Zr peaks, respectively. mogeneous group that can also be divided into groups according to their luminosities, kinematical and spatial parameters (U 0 , V 0 , W 0 velocities and dispersion velocities and scale heights). If the barium star phenomenon is seen both in the disk and in the halo, they are very useful objects to probe the s-process nucleosynthesis at different metallicities, in different population. Barium stars have already been analyzed in the halo, such as HD 206983 (Junqueira & Pereira, 2001; Drake & Pereira, 2008) , HD 10613 (Pereira & Drake, 2009) , and HD 123396 (Allen & Barbuy, 2006) , and their connection with the metalpoor halo yellow symbiotic stars have already been investigated (Jorissen et al., 2005; Pereira & Drake, 2009) . Therefore, the quantitatively confirmation of the overabundances of the sprocess elements in a sample of barium stars would help to better constrain the number of known barium stars, which it would be useful to compare with their theoretical birthrate (Han et al., 1995) . Motivated by the questions mentioned above, we started a high-resolution spectroscopic survey of the barium stars from the samples of MacConnell et al. (1972) and Bidelman (1981) as well as some stars from Gomez et al. (1997) . As a first result of 230 surveyed stars, we have already discovered a new CH subgiant, BD-03
• 3668 (Pereira & Drake, 2011) .
In this paper we report another result from our survey, that is, the discovery of a small sample of 12 metal-rich ([Fe/H]≥+0.1) barium stars. According to their metallicities, metal-rich stars can be divided into two sub-samples (Grenon, 1972) . Stars with metallicities 0.08 < [Fe/H] < +0.2 are the metal-rich ones and those with metallicities +0.2 < [Fe/H] < +0.5 are the super metal-rich. According to this scheme, we found 7 metal-rich and 5 super metal-rich barium stars. The "very metal-rich" stars were first identified by Arp (1965) investigating the nucleus of the galaxy NGC 6522. Arp (1965) also derived their age to be between 10 9 to 10 10 Gyr. Spinrad & Taylor (1969) surveyed a large group of K giants with metal abundances greater than that of the Hyades and with abundance variations among their sample. These authors also found the giants ages to be older than the disk star, Grenon (1999) also showed that metal-rich stars have an age mixture ranging from 0.7 Gyr for the Hyades generation to an intermediate generation of 3-4 Gyr and to an oldest generation, 10 Gyr. In the investigation of the photometric and kinematic properties of a large sample of G and K giants, Eggen (1993) found that 10% of the stars in the solar neighborhood have metallicities higher than +0.15 dex. Eggen (1993) also identified a sample of barium stars among the evolved stars in the old disk population that could be metal-rich as well. However, none of the stars presented in Table 11 Smith & Suntzeff (1987) ). Metal-rich stars have a mean distance from the Galactic plane of 0.2 kpc and and their Galactic orbits appear to be located inside the solar Galactic orbit (Grenon, 1999) . Metal-rich stars in the solar neighborhood either could be diffused into the disk from the bulge population (Barbuy & Grenon, 1990) or they may be the representatives of the last stages of the chemical evolution of the disk (Matteucci, 2003) .
We here analyze the high-resolution spectra of a sample of metal-rich barium stars to obtain [X/Fe] versus [Fe/H] trends and also to investigate the heavy-element abundance pattern in metal-rich environments. As we shall see, all our stars have spectral types G and K, and are accordingly free from the strong molecular opacity from ZrO, CN and C 2 absorption features, which complicates a quantitative analysis and the measurement of some atomic lines. These molecules are usually observed in MS, S, and disk carbon stars at near solar metallicity where enhancements from s-process nucleosynthesis have already been reported (Busso et al., 2001 ).
Observations
The high-resolution spectra of our stars were obtained with the FEROS (Fiberfed Extended Range Optical Spectrograph) Echelle spectrograph (Kaufer et al., 1999) at the 1.52 m and 2.2 m ESO telescopes at La Silla (Chile) in several runs between 2000 and 2010. The FEROS spectral resolving power is R = 48 000, corresponding to 2.2 pixels of 15 µm, and the wavelength coverage goes from 3 800 Å to 9 200 Å. The nominal S /N ratio was evaluated by measuring the rms flux fluctuation in selected continuum windows, and the typical values were S /N = 100 − 200. The spectra were reduced with the MIDAS pipeline reduction package consisting of the following standard steps: CCD bias correction, flat-fielding, spectrum extraction, wavelength calibration, correction of barycentric velocity, and spectrum rectification. Table 1 shows the log of observations and some previous information (V-magnitude, spectral types and the literature sources from where the stars were selected) of the studied stars.
Analysis and results

Line selection, measurements, and oscillator strengths
Several atomic absorption lines used in this study are the same as were used in previous studies dedicated to the analysis of photospheric abundances of the barium stars (Pereira, 2005 ; . This plot shows that there is a change in the slope around 160 mÅ which was used to set this limit for the equivalent widths in our abundance analysis. Pereira & Drake, 2009 . The chosen lines are sufficiently unblended to yield reliable abundances. Table 2 shows the Fe i and Fe ii lines employed in the analysis and also the lower excitation potential, χ(eV), of the transitions, the log g f values, and the measured equivalent widths. The latter were obtained by fitting Gaussian profiles to the observed ones. The log g f values for the Fe i and Fe ii lines were taken from Lambert et al. (1996) and Castro et al. (1997) .
Absorption lines whose equivalent widths are not stronger than 150 mÅ should lie in the linear part of the curve of growth (Hill et al., 1995) . We can evaluate if this limit is also valid for our measurements of equivalent widths by analyzing a plot of line depth vs. equivalent width. In this kind of plot we aim to examine whether (and where) there would be a significant change in the behavior of the absorption lines when the weaker and stronger lines are studied together. Figure 1 shows these measurements of several Fe i lines in the spectrum of CD-25 6606. We fitted the data using two linear functions, one between 0.0 mÅ and W turn , and another between W turn and 300 mÅ. By varying the value of W turn between 100 and 200 mÅ we verified that the best fits for the two linear functions simultaneously hold for W turn ∼ 160 − 170 mÅ. At this point, the slope shows a reduction of about 50% (from ∼ 0.0031 to ∼ 0.0017). Figure 1 also shows that up to ∼ 160 mÅ the χ-square of fit is lower (0.0008) than the χ-square between 160 and 300 mÅ , which is 0.002. The change of slope and the large dispersion upward of 160 mÅ are caused by saturation effects that become important for the stronger lines so that the Gaussian profiles would not be the best representation for the line profiles. Therefore, lines with equivalent widths stronger than 160 mÅ were not used in our abundance analysis for the stars analyzed in this work. For the same reason we did not use any of the barium lines in our sample stars. Gomez et al. (1997) b: Table II of MacConnell et al. (1972) c: Table I of MacConnell et al. (1972 ) d: Bidelman (1981 e: Gomez et al. (1997) 
Determination of the atmospheric parameters
The determination of stellar atmospheric parameters effective temperature (T eff ), surface gravity (log g), microturbulence (ξ), and [Fe/H] (throughout, we use the notation [X/H]=log(N(X)/N(H)) ⋆ − log(N(X)/N(H) ⊙ )) are prerequisites for the determination of photospheric abundances. The atmospheric parameters were determined by assuming local thermodynamic equilibrium (hereafter LTE) model atmospheres of Kurucz (1993) using the spectral analysis code MOOG (Sneden, 1973) .
The solution of the excitation equilibrium used to derive the temperature (T eff ) was defined by the zero slope of the trend between the iron abundances derived from FeI lines and the excitation potential of the measured lines. The microturbulent velocity (ξ) was determined by constraining the abundance determined from individual Fe i lines to show no dependence on W λ /λ. The solution thus found is unique, depending only on the set of Fe I,II lines and the atmospheric model employed, and yields as a by-product the metallicity of the star [Fe/H] . The final adopted atmospheric parameters are given in Table 3 . The value of log g seen in Table 3 was determined by means of the ionization balance using the assumption of LTE. We found typical uncertainties of σ(T eff ) = 150 K, σ(log g) = 0.2 dex, and σ(ξ) = 0.2 km s −1 . Previous determinations of atmospheric parameters of two stars of our sample, HD 100012 and HD 130386, were made by Luck & Bond (1991) and Antipova et al. (2004) , respectively. Luck & Bond (1991) found for HD 100012, T eff = 5000 K, log g = 2.3 dex, V t = 2.2 km s −1 and [Fe/H] = +0.33, while for HD 130386, Antipova et al. (2004) found T eff = 4 720 K, log g = 2.4 dex, V t = 1.4km s −1 and [Fe/H] = 0.01 dex.
Abundance analysis
The abundances of chemical elements were determined with the LTE model atmosphere techniques. In brief, equivalent widths are calculated by integration through a model atmosphere and are compared with the observed equivalent widths. The calculations are repeated, changing the abundance of the element in question, until a match is achieved. The current version of the line-synthesis code moog (Sneden, 1973) was used to carry out the calculations. Table 4 shows the atomic lines used to derive the abundances of the elements. Atomic parameters for several transitions of Ti, Cr, and Ni were retrieved from the library of the National Institute of Science and Technology Atomic Spectra Database . Tables 5 and 6 provide the derived abundances in the notation [X/Fe]. The last two columns of Table 6 give the mean abundance of the s-process elements and their standard deviations, i.e., the scatter around the mean.
Abundance uncertainties
The uncertainties of the derived abundances for the program stars are dominated by two main sources: the errors in the stellar parameters and errors in the equivalent width measurements. The abundance uncertainties owing to the errors in the stellar atmospheric parameters T eff , log g, and ξ were estimated by changing these parameters by their standard errors and then computing the changes incurred in the element abundances. This technique was applied in the abundances determined from equivalent line widths. The results of these calculations for CD-25
• 6606 are displayed in columns 2 to 5 of Table 7 . The abundance variations for the other stars show similar values.
The abundance uncertainties owing to the errors in the equivalent widths measurements were computed from an expression provided by Cayrel (1988) . The errors in the equivalent widths are set, essentially, by the signal-to-noise ratio and the resolution of the spectra. In our case, having R ≈ 50 000 and typical S/N of 150, the expected uncertainties in the equivalent widths are about 2-3 mÅ. For all measured equivalent widths, these uncertainties lead to the errors in the abundances less than those from the sum of the uncertainties owing to the stellar parameters.
Under the assumption that the errors are independent, they can be combined quadratically so that the total uncertainty is
These final uncertainties are given in the sixth column of Table 7 . The last column gives the observed abundance dispersion among the lines for those elements with more than three available lines. tive to the log g variations. The uncertainties on microturbulence also contribute to the compounded errors.
Discussion
4.1. The position of the stars in the log g -log T eff diagram. Figure 2 shows the position of the studied stars in the log T eff − log g diagram, where model tracks were computed by Schaerer et al. (1993) for the stars of 2.0, 2.5, and 3.0 solar masses with metallicity of Z = 0.04. Putting the studied stars in this diagram, we estimated the masses as given in Table 8 . Table 8 also provides the distance that resulted from the assumed mass from the log T eff − log g diagram and from the temperature and surface gravity given in Table 3 . In these calculations we assumed the bolometric corrections of Alonso et al. (1999) and M bol⊙ = +4.74 (Bessell et al., 1998) . The last column of Table 8 provides the distance of the stars whose parallax were measured by Hipparcos. The distances were derived based on the ionization equilibrium and the derived masses from the positions in the log g −log T eff diagram, and astrometric values agree well within the uncertainties with the possible exception of HD 13966.
The stars CD-25 6606, HD 49841, HD 84734, and HD 85205, with log T eff = 3.72 and log g = 2.7, 3.2, 2.9, and 2.8 respectively, occupy a region that is at the end of subgiant phase or near the base of red giant branch in the log g − log T eff diagram. This is important because in all high-resolution spectroscopy studies dedicated to the analyses of the spectra of barium dwarfs and CH subgiant stars, no stars of near solar metallicity or even higher than the solar metallicity in this evolutionary phase were found (Smith et al., 1993; Pereira, 2005; Allen & Barbuy, 2006) . Therefore, these four stars might be the first identified metal-rich CH subgiants. Barium dwarfs (log g ≥ 4.0) with metallicities close to the solar one are as yet undiscovered (Pereira & Drake, 2011) . Table 7 . Abundance uncertainties for CD-25 6606. The second column gives the variation of the abundance caused by the variation in T eff . The other columns refer to the variations caused by log g, ξ, and W λ , respectively. The sixth column gives the compounded r.m.s. uncertainty of the second to fifth columns. The last column gives the observed abundance dispersion for those elements whose abundances were derived using more than three lines. 
Kinematics
As we mentioned in the introduction, some metal-rich stars could be old objects. Figure 3 shows the position of stars analyzed in this work in the HR-diagram with the isochrones of Girardi et al. (2000) . The metal-rich barium stars with ages between 8.5 and 9.0 Gyr are similar to the metal-rich stars analyzed by Pakhomov et al. (2009) , which have a mean age of ≈ 8.7 Gyr. Our results confirm the results of Mennessier et al. (1997) that some barium stars in this range of gravity (and also in absolute magnitudes) have ages between 8.5 and 9.5 Gyr.
We also investigated the kinematical properties of our sample stars. Table 9 shows our results. The radial velocities were determined by measuring the Doppler shift of the spectral lines and are given in Table 3 . Distances and proper motions were taken from the Hipparcos catalog (Perryman & ESA, 1997) . Space velocities (U ⊙ , V ⊙ , W ⊙ ) relative to the local standard of rest were computed based on the method of Johnson & Soderblom (1987) and were calculated assuming the solar motion of (U, V, W) = (11.1, 12.2, 7.3) km s −1 , as derived by Schönrich et al. (2010) . The Galactic orbital parameters R min and R max (minimum and maximum distances from the Galactic center), Z max (maximum distance from Galactic plane) and e (orbital eccentricity) were obtained using the Galactic potential integrator developed by C. Flynn (http://www.astro.utu.fi/galorb.html). For this we adopted a solar Galactocentric distance of 8.5 kpc and circular velocity of 220 km s −1 . Because barium stars are binary stars, their observed radial velocities are affected by periodical variations. If we have only one determination of radial velocity, it is interesting to evaluate the uncertainties introduced by an unknown orbital motion. For this purpose we analyzed observed orbital velocity amplitude of barium binary stars with determined orbital elements (Jorissen & Mayor, 1988; Udry et al., 1998b,a) . Figure 4 shows the dependence between observed orbital velocity amplitudes and the periods of analyzed stars. The mean value of the amplitude for the whole sample was found to be 6 km s −1 . This value was considered as the uncertainty in the determined radial velocities of our stars.
Inspecting Table 9 we may conclude that our sample stars come from several places of the Galaxy, with mean space velocities of U LS R = 6±23, V LS R = −6±16 and W LS R = 5±13 km s −1 . Their minimum and maximum distances to the Galactic center are 7.3±0.6 kpc and 8.5±0.8 kpc, respectively. Most of the stars have V LS R negative results, which can be taken as indication that they lag in the Galactic rotation compared to the solar motion. Two stars, HD 198590 and HD 212209, have V LS R opposite velocities compared to the rest of the stars. These properties can be taken as evidence that these metal-rich barium stars as well as other metal-rich and super metal-rich stars form an inhomogeneous group. Metal-rich stars with space velocities and/or R min and R max that differ from each other of the same studied sample would have a different star-formation history and evolution (Pakhomov et al., 2009) . It also interesting to notice that HD 212209 has the highest eccentricity among the other stars. Most of the stars have R max less than 8.5 kpc, that is, within the solar circle, which seems to agree with the results obtained by Raboud et al. (1998) and Grenon (1999) for metal-rich stars. Other results may be seen in Table 9 . All metal-rich barium stars lie inside in the (U,V)-plane of metal-rich stars of Raboud et al. (1998) and Grenon (1999) , thus indicating that they display similar kinematical properties of non s-process enriched metal-rich stars. Finally, the star HD 198590 with the highest Z max value among the analyzed stars, with a metallicity of ≈+0.2, lies in the upper limit (with very few others) of the Z max value in the Z max -metallicity diagram of Grenon (1999) . In Figure 13 of Soubiran & Girard (2005) Table 9 belong to the thin-disk stars with lower Z max values.
Abundances
In this section we compare the abundance ratios [X/Fe] of the metal-rich barium giants analyzed in this work with the results of some studies already made for giant stars. We used for comparison the data from local disk field giants studied by Luck & Heiter (2007) , disk red-clump giants studied by Mishenina et al. (2006 Mishenina et al. ( , 2007 , metal-rich giants studied by Pakhomov et al. (2009) and two metal-rich open clusters and µ Leo studied by Carretta et al. (2007) . Figures 5 to 8 show the [X/Fe] ratios with metallicity for the barium giants of our sample and the results for the non s-process enriched giant stars mentioned above. We will see that with respect to the sodium, aluminun, α-elements, chromium and nickel, the abundance ratios follow the same trend as seen in the disk-giant stars. For the heavyelements, the [s/Fe] ratio, where 's' means the mean abundance of the elements synthesized by s-process, ranges from +0.2 to +1.2, thus indicating different degrees of enhancements.
Sodium to nickel
Sodium and aluminum are mainly produced by hydrostatic carbon burning in massive stars . Sodium and aluminun in disk stars has been observed among others by Edvardsson et al. (1993) and Feltzing & Gustafsson (1998) . Over the range −1.0 < [Fe/H] < 0.0, the ratios [Na/Fe] and [Al/Fe] are slight enhanced by ≈ 0.1 dex. For metal-rich stars Edvardsson et al. (1993) and Feltzing & Gustafsson (1998) Shi et al. (2004) argued that to explain this Na overabundance for the metal-rich stars, large amounts of sodium have been produced by NeNa cycle in the interiors of AGB stars. Figure  5 shows that both the local giants and the red clump giants exhibit the same trend as seen in dwarf stars. The barium giants of our sample follow the same trend. For aluminun the ratio [Al/Fe] is almost constant at ≈0.1 in the metallicity range −2.0 to 0.2 (Carretta et al., 2002; Edvardsson et al., 1993; Feltzing & Gustafsson, 1998) . The local giants and our data for the barium giants seem to follow the same trend as seen for all these previous studies.
In the thick-and thin-disk stars the α-element abundances given by the mean of Mg, Si, Ca, and Ti are overabundant by ≈ 0.2 dex at −1.0 < [Fe/H] < −0.5 and then decrease by 0.1-0.0 dex at −0.5 < [Fe/H] < 0.0 Reddy et al., 2003 Reddy et al., , 2006 . Feltzing & Gustafsson (1998) Luck & Heiter (2007) and disk red-clump giants studied by Mishenina et al. (2006) showed that giants display the same trend as mentioned above for the dwarfs. Magnesium (like oxygen) is produced in massive stars at ≈ 25 M ⊙ as predicted by the nucleosynthesis theory and iron is mainly produced by SNeI events. It would be expected that both ratios, [O/Fe] Edvardsson et al., 1993) . In halo stars, the [Mg/Fe] ratio also increases (like oxygen) toward lower metallicities (Norris et al., 2001) . In dwarf disk stars, for metallicities higher than [Fe/H] > −0.2 and up to +0.2, the ratio [Mg/Fe] becomes flat at ≈0.1 (Feltzing & Gustafsson, 1998; Chen et al., 2000) . This observed trend of the [Mg/Fe] ratio toward the higher metallicities would suggest that Mg would not only be produced by massive stars but also by type I SNe events (Chen et al., 2000) . Timmes et al. (1995) Silicon can be produced by 10-30 M ⊙ stars by hydrostatic oxygen burning and also during the eventual type II supernovae explosion (Woosley & Weaver, 1986) . In halo stars at [Fe/H] = −3.0 it is enhanced by ≈+0.5 with larger scatter (Norris et al., 2001; Carretta et al., 2002) . For dwarfs with metallicities higher than [Fe/H] = 0.0, it seems that silicon behaves like magnesium and has a [Si/Fe] ratio of ≈ 0.05 . Inspecting the results of Feltzing & Gustafsson (1998) Titanium is usually considered an α-element that is produced by explosive oxygen burning but could also be produced by Type Ia supernovae . Observationally, it behaves like an α-element. Indeed, the [Ti/Fe] ratio for halo stars displays a similar trend as the [Ca/Fe] ratio. In dwarfdisk stars [Ti/Fe] slightly decreases with increasing metallicity . For higher metallicities it seems that the ratio [Ti/Fe] flattens around ≈0.1. In the present work, the [Ti/Fe] ratios are usually lower than the [Mg,Si,Ca/Fe] ratios, displaying a similar trend as local-disk giants (Luck & Heiter, 2007) . (Mishenina et al., 2006; Liu et al., 2007) and dwarfs (Chen et al., 2000) . This upturn is seen in Luck & Heiter's data and also in Figure 4 of Soubiran & Girard (2005) . For the element chromium, the study for the local giants of Luck & Heiter (2007) The main site of s-process elements (and also carbon) production are low-mass AGB stars (M≤ 3.0 M ⊙ ) during the thermally pulsing phase (TP-AGB). Nucleosynthesis of s-process takes place in the C-rich intershell convective zone, the zone between the H-burning shell and the He-burning shell, of which the source of neutrons for the s-process to occur is the 13 C(α,n) 16 O reaction (Lattanzio & Wood, 2003) . Figure 8 also shows that our sample stars differs from the field stars only bye the degree of s-process enrichment observed in their atmospheres. Models of galactic chemical evolution do not predict this enrichment at this metallicity (Travaglio et al., 1999 (Travaglio et al., , 2004 . Therefore, the atmospheres of these stars were contaminated either through the stellar evolution or an extrinsic event that may have happened in the past, i.e., mass-transfer hypothesis. The first hypothesis can be ruled out because of their position in the log g -log T eff diagram (Figure 2) . Finally, Figure  8 also shows that the abundance of zirconium is poorly investigated in normal giant stars in this metallicity range. Hill et al. (2000) . According to the mass-transfer hyphotesis for the origin of the barium stars, one of the binary components ejects its envelope that is enriched in the s-process elements produced during the AGB phase, and this matter falls onto the companion, which in turn becomes enriched in these elements, and now is the barium star. The different ratios [s/Fe] observed among the barium stars, also seen in this study, depend on the material received by the companion as well as whether this material is partially or fully mixed in the atmosphere of the barium stars. Theoretical studies for the production of the s-process elements in intrinsic AGB stars (Gallino et al., 1998; Busso et al., 1999) indicate that there is a trend that the s-process elements are more easily produced at lower metallicities as a result of the operation of the reaction 13 C(α,n) 16 O as a neutron source. When several classes of chemically-peculiar stars are examined all together (Figure 9 ), this phenomenon is observed. According to Busso et al. (1999) and Travaglio et al. (2004) , the neutron-capture nucleosynthesis in AGB stars is metallicitydependent. Among the elements created by the s-process nucleosynthesis, the first neutron magic peak elements (such as Y and Zr) are the dominant products of the neutron captures in AGB models at metallicities around [Fe/H] = −0.4. At lower metallicities, [Fe/H]≈−1.0, the second neutron magic peak elements (Ba-La-Ce-Nd) are the dominant. The origin of these two peaks is the result of the neutron magic numbers 50 and 82 nuclei, which have smaller absorption cross-sections than their neighbor nuclei and therefore turn out to be more stable than others. Owing to this, it is possible to monitor the s-process efficiency through the relative abundances of the second-peak elements to the first-peak elements. In this way the s-elements at the secondpeak are usually referred to as the "heavy" s-process elements, in our case, La, Ce, and Nd, while s-elements at the first-peak are usually referred to as the "light" elements, in our case, Y and Zr. Thus, the average logarithmic ratio [hs/ls] has been widely used to measure the efficiency of neutron captures. In Figure 9 we show the [hs/ls] index as a function of the metallicity for the same classes of chemically peculiar binary systems. As for the [s/Fe] ratio vs metallicity, the [hs/ls] index also increases toward lower metallicities, with a large spread. In both figures we can see that the position of metal-rich barium stars are useful targets for constraining models for the nucleosynthesis of the s-process at higher metallicities.
Conclusions
Our abundance analysis has been performed by employing highresolution optical spectra of a sample of metal-rich barium stars with the aim to obtain their abundance pattern and kinematical properties, and it can be summarized as follows: . The abundance pattern of the iron peak elements, of the elements of the α group, as well as that of sodium and aluminum follows the disk abundance. The [alpha/Fe] ratios in our stars do not show any trace of overabundances, while bulge stars display increased ratios (Lecureur et al., 2007) . Therefore, these metal-rich barium stars do not belong to the bulge population. It is probable that like the most of the non s-process enriched metal-rich stars, the barium stars analyzed in this work belong to the thin-disk stars, as can be deduced form their low Z max values. Also interesting to note is that all stars analyzed in this work have low values for the eccentricities, which indicates almost circular orbits in agreement with this characteristic of the other non s-process enriched metal-rich stars previously analyzed (Pakhomov et al., 2009; Gratton & Sneden, 1990 ) and which agrees with the results of Raboud et al. (1998) . 2. Considering evolutionary aspects, metal-rich barium stars put another constraint on the evolution of barium dwarfs to barium giants. Because all CH subgiants and barium dwarfs analyzed so far have metallicities less than the metallicity of the Sun, except those very few subgiants analyzed in this paper, metal-rich barium dwarfs/subgiants are yet to be found. In this respect the same question can be addressed to the yellow symbiotics. All yellow symbiotics, except for the D ′ -type, which probably are not symbiotic stars (Corradi & Schwarz, 1997; Pereira, 2005) , are halo objects and their connection with metal-poor barium stars have been investigated in the recent years (Smith et al., , 1997 Jorissen et al., 2005; Pereira & Roig, 2009 ). Consequently, disk yellow symbiotics at near solar metallicity have not yet been identified. 3. Metal-rich barium stars are useful objects for investigating the heavy-element abundance pattern at metalicities higher than the metallicity of the Sun because they are free of many molecular features that are usually seen in the spectra of MS, S, and carbon stars. The barium star phenomenon once it extend toward higher metallicities, shares several properties with the non s-process enriched metal-rich and super metalrich giant stars previously investigated. 
